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Beebe Symposium: 

“Standing on the Shoulders of Giants” 
 

Sir Isaac Newton 

          1676 
Bernard of Chartres 

     12th Century 



Harnessing the Genomic Revolution: 
21st Century Investigation 



Understanding Cancer Genomes: 
Comprehensive Characterization of Errors 

How and why do the errors occur? 
Interaction with Environment- e.g., Radiation 

DNA Replication- Background Error Rate 



Full Genomic Characterization (TCGA-style) 
of Radiation-Related  

Thyroid Cancer in the Ukraine 

Dr. Mykola Tronko 
Director, Endocrinology and Metabolism Institute 
National Academy of Medical Sciences of Ukraine 

Head, Laboratory of Morphology of Endocrine System 
VP Komissarenko Institute of Endocrinology & Metabolism 



Model Pipeline for Comprehensive Characterization: 
The Cancer Genome Atlas (TCGA)  for 20 Cancers 

Tissue Sample 

Pathology QC 

DNA & RNA 
Isolation, QC 

Sequencing 

Expression, 
CNA & LOH, 
Epigenetics 

Data 
Storage 

& 
Analyses 

Comprehensive  
Characterization 

  of a Cancer Genome 

Integrative 
Analysis  

SNP 6.0 ~45d 

Methylation ~60d 

miRNAseq  ~105d 

mRNAseq ~120d 

DNAseq Exome/WGS  ~180d 

Chernobyl Thyroid Studies- CTB 

5 Major Analyses 
1. Copy Number 
2. Methylation 
3. microRNAs 
4. Large RNAs 
5. Whole Genome/ 
Exome 



Goals of  Genomic Characterization of 
Thyroid Cancers post Chernobyl 

• Sample Size (fresh frozen tissue samples) 

• 450 radiation-related PTC cases from CTB  
• 100 UkrAm*  & 350 non-UkrAm*    

• 50 sporadic (non-irradiated) PTC cases 
• CTB* cases born after Jan 1, 1987 

• Analysis of “Paired” Samples 
• Dyads- Tumor plus normal- tissue or peripheral blood 

• Triads- Tumor plus non-cancer tissue plus peripheral blood 
• Opportunity to evaluate “field effect on non-cancerous tissue” 

• Currently- 334 cases are in production  
      

     *From Zhytomyr, Chernihiv, Kyiv region, and Kyiv city 



9 

Lessons Learned from the Data 
The Cancer Genome Atlas (TCGA) 

M. Lawrence Nature 2013 

Thyroid = 0.41 non-silent mutations per Mb 





Overview of Somatic Alterations in TCGA Thyroid Cancer 

Mutation rate (DNA) 

Clinical info 

Significant 
Mutations (DNA) 

Fusions (RNA) 

Somatic Copy 
Number Alterations 
(SNP chip) 

Driver summary 



Preliminary Assessments of Somatic Mutations in 
Radiation-induced Thyroid Cancer: 
Are There Signatures or Patterns? 

 
Opportunity for a Large-Scale ‘Agnostic’ Examination 



Central Thyroid Cancer Signaling Pathway:  

CCDC6:RET (8) 

NCOA4:RET (1) 

TRIM33:RET (1) 

SQSTM1:RET (1) 

PAX8:PPARG (2) 

CREB3L2:PPARG (2) 

AKAP9:BRAF (1) 

SND1:BRAF (2) 

ETV6:NTRK3 (7) 



What is a Mutation Signature? 

Somatic mutations are present in all 

cells of the human body and occur 

throughout life. They are the 

consequence of multiple mutational 

processes, including the intrinsic 

slight infidelity of the DNA 

replication machinery, exogenous or 

endogenous mutagen exposures, 

enzymatic modification of DNA and 

defective DNA repair. Different 

mutational processes generate unique 

combinations of mutation types, 

termed “Mutational Signatures”. 

 COSMIC DEFINITION 
Alexandrov Nature 2013 



Mutation Genomic Profiles: 

Little evidence for Kategis- ‘concetrated mutations’ 

Due to the 
exceptionally low 
mutation density, 
clusters of mutations 
(kategis)  are less 
likely.  
 

genomic location  



Somatic Copy Number Alterations  

35 of 197 tumors (SNP Chip) 
Chr STATE Counts Subject Counts Freq genes in the region 

reported at TCGA Cell 
paper 

1 GAIN 1 1 0.51%   Yes 
2 GAIN 1 1 0.51%     
3 GAIN 1 1 0.51%     
4 GAIN 3 3 1.52%     
5 GAIN 2 2 1.02%   yes 
6 GAIN 3 3 1.52% Oncogene: DEK, E2F3?   
7 GAIN 2 2 1.02%   yes 
8 GAIN 2 2 1.02%     
9 GAIN 1 1 0.51%   yes 

10 GAIN 1 1 0.51%     
11 GAIN 1 1 0.51%     
12 GAIN 1 1 0.51%   yes 

13q GAIN 1 1 0.51%   yes 
14q GAIN 3 3 1.52%   yes 
15q GAIN 1 1 0.51%     
16 GAIN 2 2 1.02%   yes 
17 GAIN 4 4 2.03%   yes 
20 GAIN 1 1 0.51%   yes 

22q GAIN 4 4 2.03%     
2 LOSS 2 2 1.02% ALK-STRN fusion (0.2% in TCGA) yes 
5 LOSS 1 1 0.51% Tumor suppressor: APC, MCC   
6 LOSS 1 1 0.51%     
9 LOSS 1 1 0.51%   yes 

10 LOSS 1 1 0.51% not contain PTEN   
13q LOSS 3 3 1.52% Tumor suppressor: RB1  yes 
15q LOSS 2 2 1.02% no   

16 LOSS 3 3 1.52% 
Tumor suppressor: CDH1, CDH11, 

CBFA2T3 
yes 

22q LOSS 19 18 9.14% 
Tumor suppressor: CHEK2, NF2 (14.1% in 
TCGA); enrich for follicular variant (FV) 

subtype 
yes 

21q NEUTRAL 1 1 0.51%     

22q NEUTRAL 1 1 0.51%     

Total   70         

22q deletion 

 

Lower than 

TCGA 



Interim Conclusions 

• Very Quiet Somatic Profile of Mutations 

• Likely Signature of Ageing 

• BRAF mutations in older individuals with lower 
Radiation Doses 

• An Increase in Fusion Drivers against a minimal 
background mutational spectra 

 



Parental Irradiation of Ukrainian 

Clean-up Workers and Evacuees 

and Germline Mutations in their 

Offspring (TRIO Study) 

Dr. Dimitry Bazyka 
Director-General, National Research Centre for Radiation Medicine 

Academy of Medical Science of Ukraine 



Background 

• Little evidence of untoward pregnancy outcomes, 
childhood mortality, or sex chromosome aneuploidy 
associated with parental radiation exposure in 
Japanese A-bomb F1 or other studies 

• Based on 7-locus mouse data (Russell et al) and non-
significant  indications from the A-bomb F1 study, ICRP 
assumes parental radiation exposure induces a large 
spectrum of genetic effects in offspring 
• Doubling dose (DD) of approximately 1 Gy  

DD =  Radiation dose expected to double the spontaneous 

mutations rate in a generation 



Trio Analyses of Mutational Patterns 

Paternal 80% & Maternal 20% 
Recombination Events 

? Increase with Radiation  



Comprehensive characterization of 

germline genomes of trios (parents and 

children) with pre-conception exposure 

to radiation from the Chernobyl accident 

 • Phase 1 

• Pilot: 48 Trios (mother/father and child) 

• All offspring born > 1year after accident 

• Collection of Whole Blood (informed consent) 

• In progress  
• SNP Chip completed (156 samples) 

• WGS received 



Target Trio Numbers 

• Initial study: Recruit 50 trios, selected from risk 
categories (10 trios for each of 5 groups): 

• Exposed father, exposed mother 

• Exposed father, unexposed mother 

• Unexposed father, exposed mother 

• Unexposed father, unexposed mother 

• High dose emergency worker (fathers only, with acute radiation 
syndrome) 

• Full study aims to recruit up to 450 trios from 
exposed and/or unexposed parents 

 

 

 



Analysis Plan 

• Germline Characterization 
• Whole Genome Sequencing 60X 

• SNP- microarray 

• Methyl-Microarray 

• Whole blood for RNA Sequencing (if indicated) 

 

• Assess Rates of: 
• Minisatellite Mutations (early studies) 

• de novo Mutations (not seen in parents)- including rates 

• Copy Number/Structural Variations  

• Recombination Rates (across generations) 

• Somatic Mutations & Detectable Mosaicism 

• Variation in Telomere Length (RT-PCR + WGS) 

• Methylation Patterns  


